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Economies of Scopein European Railways.
An Efficiency Analysis

Abstract

In the course of railway reforms in the end of the last centutignah European gov-
ernments, as well the EU Commission, decided to open markets anphtatseailway
networks from train operations. Vertically integrated railwaynpanies — companies
owning a network and providing transport services — argue that suchratsepaf in-
frastructure and operations would diminish the advantages of verntegfration and
would therefore not be suitable to raise economic welfare. In thisrpae conduct a
pan-European analysis to investigate the performance of Europeaaysawith a par-
ticular focus on economies of vertical integration. We test the hgpist that integrated
railways realise economies of joint production and, thus, produce raslevaices on a
higher level of efficiency. To determine whether joint or sepgraiduction is more ef-
ficient we apply a Data Envelopment Analysis super-efficiency dh@pping model
which relates the efficiency for integrated production to a virefarence set consisting
of the separated production technology. Our findings are that in a tnajbEuropean
Railway companies exist economies of scope.

Keywords: Efficiency, Vertical Integration, Railway Industry

JEL-Classification: L22, L43, L92
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Zusammenfassung

Im Zuge der Reformen der européischen Eisenbahnindustrie entschiedetiatialen
Regierungen Europas sowie die EU Kommission, die Eisenbahnmarkbemlisieren
und die Schieneninfrastruktur vom Fahrbetrieb organisatorisch zu trennéikaMe-
tegrierte Eisenbahnunternehmen — Unternehmen, die sowohl das Schienisnaeth a
den Transportbetrieb unterhalten — au3ern die Befirchtung, dal’ eine splatierGeg
Vorteile der vertikalen Integration (sogenannte Verbundvorteile) weienn wirde und
somit nicht geeignet sei, die gesamtgesellschaftliche Wohltaherhéhen. In diesem
Aufsatz untersuchen wir mittels einer pan-europaischen Analygeraliiktivitat euro-
paischer Eisenbahnunternehmen und bericksichtigen dabei insbesondere \étwaige
bundvorteile indem wir Uberprifen, ob integrierte Eisenbahnunternehmen eine hoéher
technische Effizienz aufweisen als vertikal separierte Unternehnaen. li2rechnen wir
ein Data Envelopment Analysis super-efficiency bootstrapping Modell, das dieeEffi
der integrierten Produktionstechnologie im Verhéltnis zu einer &efgruppe virtuel-
ler, aus den separierten Unternehmen konstruierter Beobachtungseitieegehnet.
Unsere Forschungsergebnisse weisen auf existierende Verbundvirtdiee Mehrzahl
der européaischen Eisenbahnunternehmen hin.

Stichworte: Effizienz, Verbundvorteile, Eisenbahnindustrie
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1 I ntroduction

In the late eighties and early nineties of the last century, national Europeanngents,
as well the EU Commission, decided to introduce competitive elenmtatthe railway
sector. The railway sector had been seen as performing poorly dighteubsidy re-
guirements and an increasingly falling market share compared tonotites of trans-
portation. The predominant means of restructuring industry had been the op&ning
markets and the separation of infrastructure from operations (MasRigera, 2004).
However, in many European countries vertical integrated firmsostil the railway in-
frastructure and even participate on the transport segment. Althoygaréhebliged to
grant access to the infrastructure to third parties and to oagjaniglly separate the in-
frastructure and transportation business, there is still a poténtiedarket foreclosure.
An expanded institutional unbundling in the means of complete ownership tegpara
could eliminate this problem. Some European countries, like the Unitegtléin and
Sweden, already implemented new institutional arrangements: jrattieular countries
a state-controlled firm owns the infrastructure and provides netwodsa and services
to numerous competitive transportation firms. In other countries, suGermsany or
Austria, the railway sector is still dominated by integratedimbents. These firms ar-
gue that an institutional separation would diminish the advantagestiohvertegration
and would therefore not be suitable to raise economic welfare.€sodlomies of scope
could result either from technical advantages or transactional adesnof joint pro-
duction. If these would be in existence then an integrated marnketuse would be ef-
ficient; if not, a separation with competition in transport operatwnsld be advanta-
geous.

Following this argumentation a decision in favour or against ingtitatiseparation ne-
cessitates an analysis concerning potential economies of scbpetiv railway sector.
Previous research (for instance Bitzan, 2003 or Ivaldi and McCullough, 2@@#saed
this issue without actually comparing different production technolaneswas based
on a single country level only. In this paper, we conduct a cross-canalysis to in-
vestigate the performance of European railways with particatarsfon economies of
scope. Our sample consists of about 50 railway companies from 27 Eucopednes,
observed over a period of five years from 2000 to 2004. The companies repnesent a
ety of different firm sizes, input-output combinations and, most impdytatifferent
institutional settings, namely vertically integrated railwaysl unbundled network and
train operators. To test the hypothesis that integrated railwaysmpanies owning a
network and providing transport services — realise vertical and/orohtalzeconomies
of scope, we analyse if integrated companies are relativelg technically efficient
compared to unbundled railways by applying a distance function model. Iastotatr
previous research, this allows us to refrain from determiningitims’'fmaximisation
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concern, which is crucial for a sample of regulated compans: analysis adopts a
two step approach. In the first step we estimate technicalegifly of integrated and
non-integrated railways using data envelopment analysis (DEA)dér to make a set
of non-integrated railways comparable to the integrated railway®llow a suggestion
by Morita (2002) and construct virtually integrated firms from saspif different un-
bundled firms. Subsequently, in the second step, we determine whether peparate
production is more efficient. Therefore, we apply a DEA superiefity model, which
relates the efficiency for the integrated production to a nefereet consisting of the
separate production technology.

This paper aims to fill the void in previous research and empyiealhlyses on the
question of whether economies of scope in railways exist or noth&bparpose, we
calculate the relative efficiency of integrated railwagspared to separated network
and railway service operators. The outline for the remainder op#msr is as follows.
The theoretical foundations and previous literature are presentedtionS2 Section 3
discusses methodology. In Section 4 we introduce the modelling approachsanbdede
the data. Estimation results are presented in Section 5. Sectarteins conclusions
and highlights policy implications and directions for future research.

1 For discussion of distance functions in favoucest or revenue functions, s€eelli and Perelman
(2000) and section three of this paper.
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2 Efficiency and economies of scope

The main argument against vertical and horizontal separation (anthudling of ser-
vices respectively) in the railway industry has been the potentistence of significant
economies of scope. However, empirical evidence for scope economaabvays is
scarce. This section provides a theoretical overview on the conditiegobmies of
scope and their possible sources in railway industries. We thewnerggious research
on efficiency and scope economies in railways and present thg abition-parametric
frontier techniques measuring economies of scope.

Economies of scope arise, in general, when cost savings can Bedehle to a joint
production of goods. Hence, it is more efficient to produce a certain owgpiar by a
single firm than separately in two or more firms. Technicakkgnomies of scope occur
when the costs of producing the output vedfoi= 1,...,m, jointly are lower than the
costs of producing the same output vector separately (Baumol, PamzaNidig,
1982):

(Ev)-

Diseconomies of scope occur when that inequality is reversed. Foasbeof railway
production, the output vector may be divided into infrastructure manage¥hgmas-
senger transportationyg) and freight transportationYf). Vertical and/or horizontal
economies of scope exist when the inequality

c(v)+c(¥)+ qY)
C(Y+¥)+ d¥) o

2
C(Y¥+¥)+qY)
C(¥)+C(¥+Y)
holds: any linear combination of outputs - apart from complete joint priodutself -
comes at higher cost than joint production. If this applies to raipwagiuction an inte-
grated market solution with only one firm is favourable to a segghiastitutional ar-

rangement, where the infrastructure manager is institutiorgbgrated from passenger
and freight operators.

> C(¥,) ®

The main argument in favour of economies of scope in the railway industry is that of po-
tential transaction costs savings within an integrated orgamsd&iailway services are
characterised by a high level of technological and transactioreadétendence be-
tween infrastructure and operations. This includes long-term capdicitation, secu-
rity management, timetable coordination and investment planning hasvevery day
operational decisions on traffic coordination like train length, trpeed or emergency
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service. Technologically, all these activities can be organigéhva hierarchical (inte-
grated) structure as well as within a contractual markettsire among separated firms.
Depending on the amount of transaction costs either one has to be pi&ferred.

Supporters of an integrated structure argue for an increase snit@stseparated struc-
ture as with a rise in the numbers of operators the number of domégatiations as
well as technical and organisational interfaces will rise.|&\or real-time traffic coor-
dination this argument does most likely not hold it may be a consaterat efficient
long term allocation: real time traffic coordination costs do npedd on the number of
operators on the network but on the number of the train movements. As long as only one
network firm — either integrated or separated — is responsibkifoproduction stage
no significant transaction cost differences should be expected (K&i&p$). In opposi-
tion to this, identifying the efficient institutional arrangemeortlbng term capacity al-
location is rather sophisticated. Especially long-term investrdecaisions may differ
among one integrated and several separated firms. Any decisionh@nogierations or
infrastructure investment, needs comprehensive information about othesfihesys-
tem. For example, a passenger operator investing in high speedasittsbe sure that
the track system is capable to provide high speed transportation. Otné¢hénand, the
infrastructure provider has to know what kind of capacity at whataimieat what place
is needed. Such coordination is information intensive. Whether this inberaan be
provided at lower transaction costs within an integrated or sepaiateture cannot be
identified easily. On a first glance, the number of participdiings in a separated sys-
tem gives reason to assume the integrated system being favoital#ever, the flow
of information in a widely branched inter-firm structure also bbage risks of increas-
ing information and hence transaction costs.

In relation to this another problem of long-term capacity allocatises due to differ-
ent investment incentives within the two possible institutional aeraegts. For exam-
ple, an integrated infrastructure provider and transport operator haseative to in-
vest in network infrastructure in order to prevent his rolling stamk fwwear and tear. In
a separated system, with other firms owning the rolling stockjrtbentive disappears
(Mulder et al., 2005). Analogous, a separated transport operator has novénteim-
vest into his rolling stock to reduce the wear and tear of thiestiady. Hence, within a
separated system the coordination of long term investment detenmamegcost inten-
sive) interactions and negotiations between the production stages. Howghim an
integrated organisation the lack of competition and the direct mgreianection be-
tween performance and counter-performance may result in an ieefficialso cost in-
tensive — resource allocation. The question of which effect is beinghdotremains
hard to answer. Recapitulating, the discussion above shows how complatette-
pendencies between infrastructure and operations are and hence haw thifitask of
judging for or against economies of scope is. Thus, the optimal institutional arearigem
in the railway sector becomes an empirical question.

2 For a detailed description of transaction cost®iy sedWilliamson1975 and 1985.
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Studies with specific focus on vertical separation and economies of scopihardena.
In a paper from 2003 Bitzan uses a data set of 30 US Classhitfrailyvays covering
the years 1983-97 to evaluate the cost implications of competition WShail freight
industry. The results obtained by estimating a translog quasi-gonstidn indicate
economies of vertical integration, suggesting that vertical agparleads to increased
costs. However, considering different technological characteristicgher countries
Bitzan restricts his findings to the US freight railway indusEspecially the European
railway systems with usually much smaller networks and a higkepger fraction
within the combined passenger and freight operations may lead tocodteamplica-
tions of competition and/or separation from his point of view. Ivaldi an@Wough
(2004) use a comparable data set of 22 US Class | freight raileessering the years
1978-2001. They evaluate the technological feasibility of separatingalirintegrated
firms into an infrastructure company and competing operating firie. résults ob-
tained by estimating a generalized McFadden cost function indiedieal as well as
horizontal economies of scope in a technological sense. The autherthatatertical
separation may lead to a 20-40 percent cost disadvantage over allyeritegrated
system and to even greater disadvantages if bulk and generiat bpéegations are sepa-
rated likewise. Nevertheless, since observing integrated firrtieeisample only, Ivaldi
and McCullough restrict their findings to pure technological effettseparation. Nei-
ther the effects of transaction costs, in an integrated commagesefparated system, nor
the effects of competition have been assessed. Additionally, likarBithey consider
different rail system characteristics in other countries andéheestrict their findings to
the US rall freight system.

Cantos-Sanchez (2001) estimates a translog cost function from aopaeEuropean
state-owned railways for the period 1973-90. His findings report coditatddslity be-
tween track infrastructure and passenger operations but cost comialgtyedetween
track infrastructure and freight operations. That is, higher trasts dead to lower pas-
senger operation costs as well as higher freight operation Togsiesult gives an in-
dication for diseconomies of scope between passenger and freightamserdbwever,
considering the risk that separated firms do not account for thesgepéndencies, this
finding also gives reason to assume that there are benefitstmlhantegration, as
Nash and Rivera-Trujillo (2004) state.

A recent study on European railways by Friebel, Ivaldi and Vibes (2004) investigates
impact of policy reforms on 12 European national railway firms. figyhyéng a produc-
tion frontier model they compare passenger traffic efficiencyfe period 1980-00, in
which most of the European railway markets were reformed. Thdyttiat the imple-
mentation of reforms gradually improves efficiency whereas pteltieforms imple-
mented simultaneously only have at best neutral effects. Contrédlingpe effect of
separation Friebel et al. show that there are no significamtreliites in efficiency be-
tween fully integrated companies and organizationally separated, fbut that full in-
stitutional separation has a positive effect on efficiency. Howdhes analysis only
holds when the United Kingdom is excluded from the dataset. Furtherthenesults
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indicate that — in general — smaller railway firms (firresbeing measured in terms of
network length) have improved efficiency more than firms of larger size.

Overall, previous research on the economics of vertical integratioailivays shows
that the impact of scope economies on the efficiency of railystemss is still ambigu-
ous. Aside from that, several important issues, such as different poodigchnologies

in integrated and separated organisational arrangements andidimsitdue to specific
behavioural assumptions, have not been addressed so far. Therefore, i0 estiardte
scope economies in technological and especially transactional sereeply data en-
velopment analysis (DEA). Our pan-European data set incorporateayrdifms from

27 European countries for the period 2000-04. In contrast to pervious studiesathe da
includes not only integrated railway firms, but separated firnfgrentiated between
infrastructure managers, passenger operators and freight opefatanst knowledge,
this is the first study using this kind of data in a European rgikfficiency compari-
son. Furthermore, considering the estimation technique we compare tererdiforo-
duction frontiers of separated and integrated firms rather thaysargabne frontier de-
rived from all firms, as done in most previous work. Thus we explicidorporate dif-
ferent production technologies. Several variations of this technique danrizkin Fer-

rier et al. (1993), Prior (1996), Fried, Schmidt and Yaisawarng (1998y, &rd Sola
(2000), Kittelsen and Magnussen (2003) and Cummins, Weiss and Zi (2003),iegaluat
scope and diversification economies in the banking, hospital, healthnthnesarance
sector.

10 IWH-Diskussionspapiere 5/2006
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3 M ethodology

To specify a multiple-output multiple-input production technology we apply the distance
function approach proposed by Shephard (1953, 1970). Compared to other representati-
ons of technologies, such as cost or revenue functions, it requires ra $pEviou-

ral objectives such as cost minimisation or profit maximisatidnchvare likely to be
violated in the case of partly state-owned and highly regulated irefuss European
railways (Coelli and Perelman, 2000).

Distance functions can be differentiated into input-oriented and outputexfidistance
functions. The input orientation assumes that the output set is detéroyiexogenous
factors and hence that the influence of firms on output quantitiesited; the output
orientation assumes exactly the same for the input set. Foayail both versions can
be appropriate. Supporting the input-orientated approach one could argue ttiet the
mand for outputs is influenced highly by macro-economic factors (e.gpnees den-
sity) as well as state-controlled public transport requirem@ntsajor aspect in favour
of an output-oriented approach is the existence of hardly controllablefagats, for
example political influence on capital expenditures (Coelli anélfan, 1999). But
since we use a constant return to scale estimation approach kderput-oriented dis-
tance measure equals the output oriented distance measure in et¢grmos, we limit
our model to the input-orientatién.

Modelling a production technology as an input distance function one can gatesti
how much the input vector can be proportionally reduced holding the output vector
fixed. Assuming that the technology satisfies the standard prapbstied in Fare and
Primont (1995) it can be defined as:

D, (x,y)=max{8:(x/6)0L(y) 3)

where the input sdi(y) represents the set of all input vectors x that can produce the
output vector y. The function is non-decreasing, positively linearly homogsrend
concave in X, and increasing in y (Lovell et al.,, 1994). FreinhL(y) follows

D, (x,y) 21. A value equal to unity identifies the respective firm as baitlg &fficient

and located on the frontier of the input set. Values greater thanbehityg to input sets
within the frontier indicating inefficient firms.

In order to estimate the distance functions and obtain information adwbuti¢al effi-
ciency and scope economies of European railways we use data envelopalgsis
(DEA), a method introduced by Charnes, Cooper and Rhodes (1978). DEA is a non-
parametric approach which constructs a piece-wise linear produditrefrenveloping

all observed data points. This production frontier can be estimated wikther constant
returns to scale (CRS) or under variable returns to scale (WR&jollow the CRS ap-

3 The output-oriented model is defined in a similay (see for instand8oelli and Perelmari999).
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proach, assuming that the observed firms can alter their size aod identify firms
departing from optimal scale as inefficiént.

Taking it as given that the firms ugeinputs andM outputs the CRS input-oriented
frontier is calculated by solving the following linear optimizatmogram for each dfl
firms:

max 6,
s.t. -y, +YA=0, (4)
X 18- XA20,

A=20,

whereX is theKxN matrix of inputs and/ theMxN matrix of outputs. The i-th firm’s
input and output vectors are represented;tang y respectively.A is aNx1 vector of
constants andd is the input distance measure. As defined earlier in thisosethtis
measure indicates a firm’s technical (in)efficiefcy.

To analyze economies of scope in the railway sector we calcstatcalled super-
efficiency scores in a second step. Super-efficiency measamdsecobtained by calcu-
lating the efficiency of one group of observations relative to a productibndlegy de-
fined by another, reference group of observations; i.e., we comparditieney of in-
tegrated railway firms relative to the efficiency fronttérnon-integrated railway firms.
In order to obtain a comparable set of non-integrated firms we fallsuggestion from
Morita (2002) and construct virtually integrated firms from sampledifferent sepa-
rated firms: assume, for example, that there are two kinds of pspduandB, which
could be produced separately in two firms or jointly in one firm. Thesa” firms pro-
ducing onlyA, n® firms producing onlyB andn”® firms producing boti andB. These
firms can be compared by combining tiefirms with then® firms receiving a number
of "*xn® virtual firms. These virtual firms use the same inputs to protheceame out-
puts as the’® firms, but producing them under an alternative production technology.

For J integrated firms an& non-integrated firms, the input distance function for an in-
tegrated firm j relative to the non-integrated firms™ frontier can be defsed a

4 In contrast, the VRS approach compares firms wilimilar scale; assuming VRS is appropriate
when due to exogenous determinants (e.g. regulétmmework and political influence) the firm size
cannot be influenced by the management directlihodigh this may still be the case in some Euro-
pean railway industries we argue that an efficieoagnparison should consider the long-term eco-
nomic perspective, including increasing Europeaegigdation and integration, i.e., less country spe-
cific regulation and political influence.

5 Note that this is the Shepard measure of techeifigiency. The corresponding Farrell measure can
be obtained by taking the reciprocal of the Shepiéstance function (see for instantéison2005).
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Ds(xj,yj )= max{H:(xj 16)0 Ls(yj bi=12..3 (5)

whereLS(y,-) represents the set of all input vectersf the non-integrated firms that can
produce the output vectgy. In contrast to a company’s input distance function value
calculated within its own group (which is greater or equal to ynitg relative effi-
ciency value calculated to a reference set of the other compgruap can take values
between zero and infinity.

The corresponding CRS super efficiency model is calculated by sdhéntpllowing
linear optimisation programtimes for each of the integrated firms:

maxHJ.,
s.t. —yj+Ys/]SZO, i=1,2,...,J (6)
X 16 —XA 20, s=1,2,...,S

A, =20,
whereXs is theKxN input matrix andYsthe MxN output matrix of all non-integrated
firms; x; is the input vector angl the output vector of the evaluated integrated firm, and
A, is aNx1 vector of constants of the separated firms. If the input distamzidn
value, i.e. the super efficiency score, for the evaluateddjria lower than unity the in-
tegrated firm is dominant to (more efficient than) the non-intedraontier, whereas a
value greater than unity indicates a dominance of the non-integnated frontier to

the evaluated firm. However, if for the integrated firm the inpstagice function value
relative to its own grou@ is also greater than unity, the firm is dominated by its own
group’s frontier also. Hence, considering the super efficiency scoilgds not suffi-
cient to identify the favourable technology or the existence of economiesofuiseies)

of scope. Consequently, as suggested by Cummins, Weiss and Zi (2008aswgarthe
distance between the two production frontiers by calculating the ahthe efficiency
and super efficiency scores.

To illustrate this one can consider non-integrated and integraesl firoducing a sin-
gle output with two inputs. The two input production frontiers are shownguaréil

where the production frontier for the integrated firms is labdllég, and the produc-
tion frontier for non-integrated firms is labelledy).6 Firms being fully efficient oper-
ate on their respective frontier and hence show distance functiaciefeff/) values
relative to their own group equalling unity. Economies (diseconomiesjopfe, for all

observations, can be identified if the production frontiers do not intesigecthe inte-

6  Figure 1 and its description follo@ummins, Weis and Z2003)
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grated (non-integrated) frontier places closer to the origimelftivo production fron-
tiers exhibit an intersection point as shown in figure 1, econom&sope for some op-
erating observations and diseconomies of scope for other operating abasreah be
identified.

Figure 1:
Economies and diseconomies of scope

X1/y‘

For example, assume an integrated firm operating at point Agurd=iL. The distance
function value relative to the integrated frontierds=0A/0OD >1 and the distance
function value relative to the separated frontier, whicl#}isOA/OB>1 indicate this
firm being dominated by its own and the other group’s frontier. In omlendasure
which frontier places closer to the origin and hence to tesoifanies or diseconomies
of scope occur for firm A, we calculate the ratio of the two distance functioci€atfy)
values:

 _0A/OD _0B
6, OA/OB 0D

(7)

Since the distance function value of point A relative to the integrmontier is greater
than its efficiency score, calculated with respect to the atgghfrontier, the ratio from
formula 6 is greater than unity, indicating the integrated (‘odoitier places closer to
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the origin. Hence, for this firm, economies of scope can be idenfifredopposite case
— diseconomies of scope — can be shown for an integrated firm opeatipognt E.
While both distance function values — relative to its own frorfietOE /OF and rela-
tive to the other group’s frontie#, =0E/0G — are greater than unity again, the ratio
616, =0G/0F is smaller than unity, since the separated frontier placesrdoshe
origin than the integrated frontier. In summary, if the ratiaéatper (lower) than unity a
firm’s own frontier dominates (is dominated by) the other group’sifoand if the ra-
tio is lower than unity the own frontier is dominated by the other group’s frontienyor a
production point. Hence, for integrated firms a ratio greater thay indiicates econo-
mies of scope and a ratio lower than unity indicates diseconomies of scope.

Since DEA efficiency measures are only point estimatorsiledéd within a finite sam-
ple, they are highly sensitive to sampling variations and errotBeirdata, and lack
common statistical properties. In order to overcome this shortcomengpply a boot-
strap procedure. Bootstrapping, introduced by Efron (1979), is based on thhatlea t
when the original observed sample mimics the underlying population, eulpm
draw from this sample with replacement can be treated as@Ees&rom the underlying
population itself. It is used when the original sampling distributiothefestimator of
interest, e.g. of the efficiency measures, is unknown. In generdptistrap of our ef-
ficiency estimates can be described as follows: We firspotenthe efficiency measure
g for each firm by DEA from the observed sample. After that, eeetate a b-th
(b=1,2,...,B) bootstrap sampl@oD of size n with replacement fror§ , i=1,...,n, and
calculate the bootstrap gstimeﬂ% by using DEA. This procedure is repeated B times to
obtain a set of estimated’, b=1,2...,B. Based on this sampling distribution the statisti-
cal properties of the estimated efficiency measures can be inferred.

One major drawback of the outlined procedure is that it assumesiauonst true dis-
tribution F . However, especially in small samples with a large number ¢f id@nti-

fied as being fully efficient, the empirical distributidh of the efficiency scores is dis-
continuous with a positive probability masséat 1. Hence,F provides an inconsistent
estimator of F (Cummins, Weiss and Zi, 2003). This problem can be solved with a
smoothed bootstrap procedure, developed and extended by Simar and Wilson (1998,
2000), where the empirical distributidh is smoothed using a Gaussian kernel density
estimator. In our analysis we use this bootstrap procedure to testimabias and vari-

ance of the DEA efficiency estimates, and to construct confideta®als. As recom-
mended by Hall (1986) we choose B=1000 bootstrap replicdtions.

7 For more details on the bootstrap see for instétfica (1979) orEfron and Tibshiran{1993).
8  For details of the procedure, please refe8itnar and Wilsor§1998, 2000).
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4 Modelling approach and data description

The data set consists of 54 railway firms from 27 European coutitra@asghout the pe-

riod 2000-2004. Considering every year as an independent observation we eeceive
sample of 152 observations in to®alhe data was mainly taken from the railway statis-
tics published by the Union Internationale des Chemins de Fer (2004, 200%)nand c
bined with information from the companies’ annual reports and companies’ statistics.

The firms are divided into four different groups: Integrated filif3, infrastructure
managers (IM), passenger operators (PO) and freight opera@ysH¥ery group sells a
different type of product, with the integrated firms offeringaattivities from a single
source. The essential activity in railway operations is thestrincture management
which forms an indispensable requirement for transportation senticesffiered either
by an infrastructure manager or an integrated firm and includegaiméng tracks, rail-
way stations or signal facilities as well as schedule-mongand system-control. The
infrastructure manager coordinates train movements, provides emesgevice for de-
fective transport devices and develops time tables. Recapitulégngnfrastructure
manager’s tasks, he provides and sells network access and sertfeesransportation
firms, subject to the condition of optimal capacity utilisation. Wardfore use the vari-
abletrain-km driven on the netwowrs an output measure for infrastructure mandders.
The second activity in railway operations is transportation, whinhbeadistinguished
between passenger and freight transportation. It is provided by passgegators,
freight operators or integrated firms. Since — for passengertoperarevenues depend
on the number of passengers and the distance travelled, we use db&epagsenger-
kmas an output measure. The freight operators’ revenues depend on the amount and dis-
tance of tonnes transported. Hence, the corresponding output véreadpte tonne-km
IS used.

Considering the input variables we specify two different models.aAthé first model
(Model I) is based on physical measures for the input factors dwysdcond model
(Model II) also takes a monetary figure into account. In the rinstiel,number of em-
ployees number of rollingstockandnet lengthare used as physical measures for labor
and capital input. In the second model, the ‘physical’ varianlesber of employeesnd
number of rolling stoclare substituted by the monetary variatyerating expenditure
(OPEX) The variable represents the total operating expenses, includirgpgtee of

9  The difference between 270 observations havirigdiaa coverage and the lower value of de facto
152 observations results from market entries lt@n 2000 and missing data mainly of 2004. Assu-
ming every year as an independent observationdesleffects of technical progress and catching-up
in the efficiency scores. However, long asset iiveelation to the rather short observed time gkrio
of five years suggests these effects as negligidfeiso, Angeriz and Poljt2002).

10 The data on train-kms driven on the network wasliphed first for the year 2003 by the Union In-
ternationale des Chemins de Fer (UIC). If availatile data for preceding years was taken from the
annual reports. If not available, the train-km ealwf the biggest passenger and freight operators i
the specific country where taken to approximatevtiae.
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staff, materials, external charges, taxes, depreciation, vdjustrments and provisions
for contingencies. Although this variable already includes capité$ eos still use the
variablenet lengthas a proxy for capital stock. We consider net length — as aifeng |
asset — as a quasi-fixed input mainly built in the past and financegitgl cgants from
the governmentl Furthermore it reflects the cost impact of differences invordt
structure and density (Smith, 2004).

Both models have advantages and disadvantages. The usage of physoatsea in-
ternational comparison neglects the differences in relativerfpoces among the coun-
tries; on the other hand, using monetary values raises the problefieiaies in price
levels, accounting rules and currency conversion. To limit this problerfolow Ja-
masb and Pollitt (2003) by converting the financial data of operating au® one
monetary unit, the euro. By applying purchasing power parities provideditogtat
(Eurostat, 2004) instead of conventional exchange rates, we account nédracuy-
rency conversion but also for differences in price levels and purchasimgr among
the countries. Nevertheless, the problem of varying accounting staratadig) the
countries remains. We estimate both models and check for diffef@pcesnparing the
results therefore.

Table 1 shows the firms sorted after their type of activity thedselected variables.
While for integrated firms all described input and output variabiegart of their cor-
responding production technology, the variable set for the non-integratesl-fipas-
senger operators, freight operators and infrastructure managdfer-byitheir type of
activity. In order to estimate economies of scope we use the @@rawalues of non-
integrated firms to construct virtually integrated firms, whare comparable to the
really integrated firms: every infrastructure managemmmlmned with every passenger
and every freight operator by accumulating their individual paranveiees. A new
group of virtually integrated firms (VF) is generated, usingommarable production
technology, since those VF share the same inputs and produce the saunteasitreal’
integrated firms.

11 This approach has been used quite frequentlyeuigus literature, se€antos, Pastor and Serrano
(2002) for a short review.
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Table 1:
Variables sorted by type of activity and model specification
Input variables Output variables
Type of | No. of No. of Rolling | Total
activity | employees| stock costs Net length Train-km | Pass.-km| Tonne-km
IF Y Y v v v v v
IM l V V V
PO v v v
FO l N
VF l V V V ol

Tables 2 and 3 show the summary statistics of the data usedeadhenodel, classi-
fied for ‘real’ integrated and ‘virtually’ integrated firmsh& number of observations of
‘real’ integrated firms differs slightly between the estied models — 75 observations
for Model | and 73 observations for Model Il — due to missing data. Thevattises of
‘virtually’ integrated firms in Model | are generated by combing3gobservations of in-
frastructure managers with 16 observations of passenger operatdr$ ahdervations
of freight operators. In total, we obtain a number of 5808 ‘virtuallyggrdated firms for
this model. For Model Il, 23 observations of infrastructure managers, 2ivabens of
passenger operators and 8 observations of freight observations are cbtobanttal
number of 4968 ‘virtually’ integrated firms. Again, the differencéh@ numbers is due
to missing data. To eliminate extreme virtual input-output combinatisesadjust the
sub-sample of ‘virtually’ integrated firms for outliers by apptyithe method suggested
by Hadi (1992, 1994), which identifies multiple outliers in multivariata.d&or Model

I, 2508 observations were dropped, leaving 3330 observations of ‘virtual’ iregrat
firms. Data for Model Il is adjusted for 2160 outliers, leaving 2808 whtens of ‘vir-
tual’ integrated firms in totdl?2

12 This large number of outliers identified, resuiism a high fraction of ‘unrealistic’ virtual inphit
output combinations, combinations of very largedafructure managers with small passenger opera-
tors for instance.
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Table 2:
Model | — Summary statistics
‘Real’ integrated firms ‘Virtually’ integrated fins
Mean Max Min Mean Max Min

No. of employees 50517 249251 952 12870 36192 344
No. of rolling 40351 219574 223 4981 11893 747
stock
Network length 7331 36588 180 4665 9882 2047
(in km)
Passenger-km 11494 74459 126 4653 6621 2204
(in millions)
Tonne-km 14258 76815 14 4952 13120 107
(in millions)
Train-km 134764 988200 2382 63158 128000 22667
(in thousands)
No. of
observations 75 3300

Table 3:

Model Il - Summary statistics

‘Real’ integrated firms ‘Virtually’ integrated fins
Mean Max Min Mean Max Min

OPEX 3281 29669 79 1439 3927 329
(in millions of €)
Network length 7474 36588 180 4055 5854 2273
(in km)

Passenger-km 11779 74459 126 4795 14666 7
(in millions)

Tonne-km 14400 76815 14 5854 13120 456
(in millions)

Train-km 137999 988200 2382 45151 64341 36447
(in thousands)

No. of

observations 73 2808
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5 Results

In this section, we present the results of the estimated modeds. ile analyse the
technical efficiency results obtained by the DEA bootstrap procetdeethen extend
the discussion to the evaluation of contingent economies of scope.

Analysing the DEA bootstrap estimation results (Table 4), theviallg conclusions
can be drawn. For both models, the bias-corrected distance function asug®eater
than the original efficiency scores on average, indicating tetralard DEA approach
without a bootstrap procedure tends to overestimate efficiency iraoyle. For Model
I (Model Il) the average distance function value for the ‘reaiegrated firms is cor-
rected by about 14% (6 percent) and the average efficiency valthefmirtually’ inte-
grated firms by about 2 percent (1 percent), suggesting thatdr@&stoon especially in
small — data sensitive — samples is essential for correct efficiendisres

Table 4:
Summary statistics of original and bias-corrected distance functiorigetfig result3
Model |
‘Real’ integrated firms ‘Virtual’ integrated firms
Original Bias corrected Original Bias corrected
Mean
Efficiency 1.8378 2.0924 1.3786 1.4008
Standard deviation 0.7980 0.8837 0.3510 0.3552
Minimum efficiency 3.9459 4.5140 2.5344 2.6080
Maximum efficiency 1.0000 1.1597 1.0000 1.0024
Model Il
‘Real’ integrated firms ‘Virtual' integrated firms
Original Bias corrected Original Bias corrected
Mean
Efficiency 1.3466 1.4324 1.5202 1.5401
Standard deviation 0.3975 0.4116 0.3878 0.3924
Minimum efficiency 3.3012 3.4616 3.3123 3.4603
Maximum efficiency 1.0000 1.0728 1.0000 1.0017

13 All estimations are made with FEAR: A packageffontier efficiency analysis with RNlilson2005).
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For Model |, the estimated bias-corrected distance function value of 2.0924 fozal’
integrated firms implies that, on average, the same output quemtity have been pro-
duced despite of reducing the input usage by more than 52 percent. Hotve\reght
standard deviation of 0.8837 shows that the mean distance function value imzludes
merous extreme values. Comparing these results with Model lieveheronetary value
OPEXis used instead of the physical variablesnber of employeesdnumber of roll-

ing stockshows a lower standard deviation (0.4115) as well as a much lower bias
corrected distance function value (1.4324), indicating a possible input edugfti
about 30 percent on average. This suggests that the already addrebted of physi-
cal measures — neglecting differences in relative factoepamong countries — has an
influence on our Model | estimation results.

Table 5 shows the bias-corrected distance function results fareteintegrated firms
in Model I. Both distance values — in respect to their own frontier (2.082dXo the
separated frontier (2.0961) — indicate a high level of inefficiencygesiog a possible
reduction of 52 percent in inputs, on average, to reach either one ofi¢cieney fron-
tiers. The average ratio of the distance function values sligindgter than unity
(1.1109) suggest that the two frontiers place very close to each atidethat, on aver-
age, economies of scope can be assumed. However, since individually exso(disii
economies) of scope may vary widely due to variation in the in- and ootpuyta
judgement on just the average parameter values could be misleaéveythgless,
separating the firms into two groups — with an individual ratio ofdie&nce function
values greater unity indicating economies of scope and below unityatimgjcdis-
economies of scope — identifies scope for 42 and diseconomies of sc8Befuserva-
tions. This equals to 56 percent and 44 percent of all observations, respectively.

For Model Il (Table 6), the estimated distance function value peatgo the ‘virtually’
integrated frontier (1.1932) indicates that, on average, a ‘reafjrateel firm needs an
input reduction of about 16 percent to reach the efficiency frontidreofvirtually’ in-
tegrated firms. Compared to Model |, the standard deviation is rettyaadre than 50
percent, again indicating less extreme values in this model. vinage distance func-
tions value ratio (1.4401) is greater than in Model I, implying inangasconomies of
scope when considering OPEX instead of the physical measures nundveplofees
and rolling stock. Additionally, separating the sample into two groupgh-regard to
their individual ratio of the distance function values being greatbelow unity — sug-
gests that 51 observations (70 percent) show economies of scope and 22tiobhserva

14" To control for structural differences among thertoies, we estimated a truncated regression and re
gressed the efficiency scores of the real intedratanpanies upon GDP per capita, network density
and population density. For the results of ModeVé, found a significant and positive but very dittl
influence of GDP per capita. For Model Il, nondtw# variables had a significant influence on the ef
ficiency scores.
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(30 percent) diseconomies of scope. Hence, compared to Model |, a highserrmfm
observations show economies of scope.

Table 5:

Bias-corrected distance function (efficiency) results - Model |

‘Real’ integrated firms

P2, 193 B/HJ D|so?cs%r;%n;|es Ecog:orgfs of
Mean 2.0924 2.0961 1.1109 0.8404 1.3236
Standard deviation 0.8837 1.0954 0.3195 0.1614 0.2422
Minimum 4.5140 4.8501 1.8848 0.9994 1.8848
Maximum 1.1597 0.6804 0.3686 0.3686 1.0076
No. of observations 75 33 42
(100) (44 percent) (56 percent

Table 6:

Bias-corrected distance function (efficiency) results - Model Il

‘Real’ integrated firms

e 93 49/6’3 Disoefcsir(l)(l)argies Eco:é)orgiees of
Mean 1.4324 1.1932 1.4401 0.8514 1.6940
Standard deviation 0.4116 0.4810 0.8252 0.0916 0.8711
Minimum 3.4616 2.6297 4.0851 0.9963 4.0851
Maximum 1.0728 0.2781 0.6007 0.6007 1.0170

No. of observations 73 22 51
(100 percent) (30 percent) (70 percern

—
N
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6 Conclusions

Our analysis of a sample of 50 railway companies from 27 Europeanieswotiserved
over a period of five years from 2000 to 2004 provides a first pan-Europdanceis
function approach addressing economies of scope in railways and cahirrinsdings
from the U.S. Within a model using physical measures only, we fight g#fficiency
advantages for integrated companies on average and observe econsogsedbr a
majority of observations. Including monetary figures, more precisphrating ex-
penses, produces even more explicit results: in a second model, wehahowegrated
railway companies are on average relatively more efficiean tvirtually integrated
companies, and find that a clear majority (70 percent) of theapib@mpanies ob-
served indicate economies of scope.

Despite these results, the policy implications are ambiguous; dnée®nomies of
scope exist for a majority of integrated European railway corapafuture sector re-
structuring should be aware of that issue and avoid increasing ransasts unneces-
sarily. On the other hand, not disentangling the railway sector fugtsns discrimina-
tory incentives and complicates regulation. Policy makers shouldultareutweigh
positive and negative aspects of vertical integration in railways.

Further research on economies of scope in the European railway irghaiig address
dynamic aspects of market liberalisation and productivity developmentioe Espe-

cially a company’s regulatory environment and its experience rhigye a significant
impact on relative efficiency. Also, aspects of railway sadeid quality of service need
to be incorporated in order to control for issues of particular impatgmobably nega-
tively correlated with a company’s level of cost.
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